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The transportation of goods over land, water and through the air plays an important role 
in the economies of cities but also imparts significant impacts on surrounding neighborhood 
livability. The neighborhoods that form around and support these freight hubs and thoroughfares 
are studied in the areas of health, safety, air quality and livability. Based on the current literature, 
a robust definition of what qualifies as a freight-centric neighborhood remains tenuous and a 
framework for delineating a freight-centric neighborhood does not exist. Without a standard way 
of defining the physical boundaries of these neighborhoods, quantitatively assessing the range of 
potential effects associated with residing in them becomes problematic. This is commonly due to 
the use of aggregated geographic units that fit poorly with the actual boundaries of such 
neighborhoods. Following an extensive literature review of livability, freight externalities and 
neighborhood delineation, a framework is presented to assist in developing freight-centric 
neighborhood boundaries based on the extent of freight externalities. Next, steps are provided for 
the creation and analysis of freight influence on households within those boundaries. The 
framework relies on thresholds and areas of extent attributed to current externality and impact 
research. The framework is applied to the area of Shelby County, Tennessee, and an analysis is 
performed to determine which freight source impacts the greatest area and number of 
households. In the analysis for Shelby County, rail traffic influences the greatest number of 
people of any freight mode. An analysis of existing survey data also shows that the perceived 
livability of those residing in freight-centric neighborhoods significantly decreases in areas with 






TABLE OF CONTENTS 
Chapter Page 
1 List of Tables v 
2 List of Figures vi 
3 Introduction 1 
4 Livability 1 
5 Freight Externalities and Impacts 4 
6 Freight-Centric Neighborhood: A Conceptual Definition 7 
7 Current Research Related to Neighborhood Delineation 8 
Community Mapping Exercises and Participatory GIS 9 
Pedestrian Street Networks (T-Communities) 9 
Administrative Boundaries 9 
Person-Centric Buffering 10 
 
8 Methodology 10 
Roadways 12 
Air Pollution 12 
Noise Pollution 13 
Distribution Centers 16 
Air Pollution 16 
Noise Pollution 16 
Railways 16 
Air Pollution 16 
Noise Pollution 16 
Rail Yards 18 
Air Pollution 18 
Noise Pollution 19 
Waterways 20 
Air Pollution 20 
Noise Pollution 20 
Ports 20 
Air Pollution 20 
Noise Pollution 21 
Airways and Airports 22 
Air Pollution 23 
Noise Pollution 23 





9 Delineating Freight-Centric Neighborhood Framework 25 
Framework Rationale 26 
Freight Influence Map 27 
 
10 Case Study 28 
Guideline Steps 1 and 2 29 
Roadways 29 
Distribution Centers 29 
Railways 29 
Rail Yards 30 
Ports 30 
Airways and Airports 30 
Guideline Steps 3 and 4 30 
Guideline Step 5 31 
 
11 Freight Influence Count Analysis 32 
Household Map 33 
Freight Source Influence on Household Analysis 34 
 
12 Livability Survey Results and Discussion 37 
















LIST OF TABLES 
Table Page 
1. Roadway Influence Sources 15 
2. Railway Threshold Rationale Sources and Measurements 18 
3. Rail Yard Threshold Rationale Sources and Measurements 19 
4. Port Threshold Rationale Sources and Measurements 22 
5. Freight Sources and Buffer Distances Summary 25 



















LIST OF FIGURES 
Figure Page 
1. Origin-Destination & Thoroughfare Type of Freight Transportation by Mode 11 
2. Freight-Centric Neighborhood Delineation Method Comparison 26 
3. Key Framework Components 27 
4. Freight Influence Map Guidelines 28 
5. Truck Traffic Over Threshold 31 
6. Step 5 within ESRI ArcMAP 32 
7. Freight Source Influence Count 33 
8. Example Household Map (TIPS dataset) 34 
9. Household Influence by Freight Sources 35 
10. Total Area Influence by Freight Sources 35 
11. Comparison of Influenced Households 36 
12. Comparison of Areas of Influence 37 










The phrases ‘freight-centric neighborhood’ and ‘freight-centric community’ have recently 
made their way into the literature surrounding the impacts of freight (Doherty et al. 2013). 
Common with new terms, the language defining them is not yet fully developed and a conceptual 
definition is missing from the literature. The definition offered by this paper is “a geographic unit 
of limited size containing a cluster of residences concentrated about areas affected by 
externalities associated with the movement of goods.” Also, a new classification of a 
neighborhood entails new boundaries associated with the neighborhood’s predominant 
characteristics, which in this case are freight sources. As there is no corresponding system 
currently in place used to identify and delineate these types of neighborhoods at the regional 
level, this paper proposes a framework for neighborhood delineation based on a variation of 
person-centric buffering, a boundary formation technique used for neighborhood research. To 
demonstrate this technique, influence zones based on the extent of associated externalities were 
constructed around Shelby County freight sources surpassing designated thresholds supported by 
current literature. A count analysis of the influence zones was performed to determine areas with 
the greatest freight influence and an analysis was also performed to determine which freight 
source impacted the most area and the greatest number of households. Finally, an analysis of 
perceived livability amongst residents living in areas with varying influence counts was 
performed to determine impact of freight modalities on livability.  
LIVABILITY 
The National Research Council (2002) explains social indicators such as livability and 
quality of life entered the research sphere in the 1960s and that there is “no precise or universally 




attempted to conceptualize its broader meaning. Chazal (2010) defines livability as “a statement 
of desires related to the contentment with life in a particular location of an individual or set of 
individuals” while Newman (1999) defines it as “the human requirement for social amenity, 
health and well-being”. While these definitions express the fundamental concept of livability, 
they do not provide a means to measure livability quantitatively. Lee and Marans (1980) explain 
that there are two methods used to measure livability: subjectively through surveys and 
objectively using hard measures describing the environments in which people live that can 
encompass measurable phenomenon in the areas of health, crime, education and a number of 
other areas. By obtaining both measures for a study area, researchers can begin to recognize 
relationships between the perceived livability of residents and the varying objective indicators 
(Lee and Marans 1980). When a relationship is found, objective measures are used to assess the 
livability of a population. This is seen when Hashimoto and Kodama (1997) used objective 
measures for health, safety, economic prosperity and environmental impacts to assess Japan’s 
livability. On a global scale, The Economist Group and Mercer use objective measures in the 
generation of their scoring frameworks to rank the livability of cities worldwide (The Economist 
Intelligence Unit 2016; Mercer 2016). Within the United States, the Public Policy Institute goes 
further and generates a score for areas within cities using multiple objective indicators consisting 
of census tract and county level data (Public Policy Institute 2015).  
While these frameworks incorporate objective measures associated with transportation to 
generate their indices, they do not incorporate objective measures associated with freight 
transportation even though freight creates many negative externalities that impact and strain 
populations in the forms of emissions, property devaluation, freight related congestion and 




of studies explicitly linking freight specific externalities and the perceived livability of the 
residents who deal with them (Doherty et al. 2013; Rápalo et al. 2016). Doherty et al. (2013) 
evaluates factors associated with the negative externalities of freight transportation and their 
effects on the perceived livability of residents within a freight-centric community. Williams and 
Carroll (2015) provides a series of strategies to use when integrating freight into livable 
communities. Rápalo et al. (2016) performed a statistical analysis on residential surveys to show 
differences in livability priorities and barriers between a freight-centric community and its non-
freight-centric counterparts. Research like this paves the way for a better understanding of the 
complex roles freight transportation plays in fostering economic, environmental and societal 
well-being.  
For planning and policy, the U.S. Department of Transportation, along with the U.S. 
Environmental Protection Agency and the U.S. Department of Housing and Urban Development 
under the Partnership for Sustainable Communities has developed a set of “principles of 
livability”. These principles were established to create interagency coordination and provide the 
connected agencies and researchers with a set of generalized outputs that can be examined when 
conducting research on the livability of populations of interest (U.S. Department of Housing and 
Urban Development 2016). Currently, the six livability principles entail: providing more 
transportation choices; promoting equitable, affordable housing; enhancing economic 
competitiveness; supporting existing communities; coordinating and leveraging federal policies 
and investments to plan for future growth; and enhancing the value of communities and 
neighborhoods (U.S. Department of Housing and Urban Development 2016). The American 
Association of State Highway and Transportation Officials (AASHTO) has turned its attention 




facilities: a vital economy, a sustainable environment and vibrant communities, with the latter 
lacking research and understanding (American Association of State Highway and Transportation 
Officials 2010). To aid future planners, researchers and policy makers, with respect to freight-
centric neighborhoods and their livability, a robust means of delineating freight-centric 
neighborhoods is developed and detailed in proceeding sections. 
FREIGHT EXTERNALITIES AND IMPACTS 
A negative externality is defined as an economic activity that imposes a negative effect 
on an unrelated third party (Quickonomics 2015). A third party can be a population or the 
environment. Freight effects both. There are several areas in which the true cost of freight 
movement is not accurately reflected in the cost passed on to the consumer. This is shown in a 
nationwide study where externalities are seen in greater proportion for truck related freight 
movement than for rail and waterway transport (United States Government Accountability 
Office 2011). 
Externalities associated with freight are categorized by impact and include: air pollution, 
water pollution, noise pollution, congestion, accidents and land use (Demir et al. 2015). With air 
pollution, increased hospital visits associated with respiratory and cardiac issues are seen in 
studies such as Childhood Asthma Hospitalization and Residential Exposure to State Route 
Traffic and Air Pollution and Cardiovascular Disease (Brook et al. 2004; Lin et al. 2000). These 
studies and similar ones are covered in subsequent sections and are specific to the freight source 
of interest. While there is some evidence linking noise pollution to negative health effects as seen 
in Ambient Neighborhood Noise and Children’s Mental Health (Lercher et al. 2003), a more 




discussed in detail later. Land use as it pertains to the devaluation of property near freight 
sources is also a subject of study (Simons and Jaouhari 2004). 
In the mitigation of these externalities, there have been studies performed in the past 
decade that examine the impacts of freight on the community with many of these studies 
summarized by the Caltrans Division of Researcher (Caltrans Division of Research, Innovation 
and System Information 2015). This summary paper presents related research on a state-by-state 
basis within the United States. While it is not all-encompassing, it provides a picture of the 
current research landscape. Hartshom et al. (2013) focus on the potential for a zero-emission 
freight corridor in California which would alleviate many of the health-related issues 
surrounding freight and act as a spring board for the region in terms of clean truck technologies. 
Wilbur Smith Associates (2008) looks at mitigation best practices and breaks the information 
down by mode and by method to include areas of technological advancement, operational 
changes, better planning and design, and improved regulations and policy in the arena of 
transportation (Wilbur Smith Associates 2008). Young and Kresge (2009) considers the case 
study of the Chicago Regional Environmental and Transportation Efficiency (CREATE) 
program whose primary focus is on increasing economic competitiveness and improving quality 
of life through the mitigation of environmental impacts corresponding directly with livability 
principals suggested by the Partnership for Sustainable Communities (U.S. Department of 
Housing and Urban Development 2016). The other papers in the study examine health impacts of 
new intermodal facilities (Lindberg et al. 2013), limiting impacts while managing truck routes 
(New York City Department of Transportation 2007) and the potential for designing heavy rail 
facilities with community aspects of safety and health at the forefront of that design (Schnabel 




Three studies, the Lindberg et al. (2013) study, the Department of Planning and Urban 
Studies, University of New Orleans (2014) study, and the Public Health Advisory Panel on Coal 
in Oakland (2016) study, attempt to delineate freight-centric neighborhoods at a localized level 
by different means. The first study looked at the potential impacts of replacing an underused rail 
yard with an intermodal facility in the Baltimore-Washington area. The proposed facility was 
within the boundary of a community statistical area encompassing census tracts. The community 
statistical area was used as the freight-centric boundary (Lindberg et al. 2013). The second study 
takes place in New Orleans and determines potential outcomes for residents surrounding a 
section of railway thoroughfare where a large amount of freight could be rerouted. The method 
consisted of identifying only those census tracts that bordered or contained the railway section of 
interest (Department of Planning and Urban Studies, University of New Orleans 2014). The third 
study was conducted in Oakland, California and used multiple methods, including the use of 
census tracts that contain the railway and a buffer zone around the railway (Public Health 
Advisory Panel on Coal in Oakland 2016). Each of these localized studies delineates freight-
centric neighborhoods differently and uses varying artificial boundaries and different methods of 
determining those boundaries. 
While some localized studies examining single freight sources have created more realistic 
boundaries using buffering, this is not yet on a regional scale. When accounting for freight 
externalities at the regional level, current regional reports focus on traffic related impacts of 
freight such as level of service, congestion, and freight crash data (Memphis Urban Area 
Metropolitan Planning Organization 2012). These only occur within freight thoroughfares. When 
freight impacts such as air pollution are discussed at the regional level, they are commonly 




Technical Services, Inc. (2013) and Wilbur Smith Associates (2008) both present regional freight 
studies that focus on the economic and traffic related impacts of freight while acknowledging, 
but spending little effort focusing on, the proximal effects of freight externalities. Determining 
and providing more realistic boundaries based on the current literature of externalities and 
impacts can be used to develop interventions and organizational planning strategies to improve 
quality of life in effected communities. Exploring interactions between freight influence and 
households can be used to determine where mitigation efforts would have the greatest impact at 
the regional level. 
FREIGHT-CENTRIC NEIGHBORHOOD: A CONCEPTUAL DEFINITION 
Freight-centric neighborhoods have been previously defined as communities 
characterized as residential areas that bear spillover effects from freight movements through 
them (Rápalo et al. 2016). The conceptual definition offered here differs in that it reduces the 
term neighborhood into its most basic parts. Freight refers to the movement of goods by truck, 
train, ship and aircraft. Centric is defined as “concentrated about a center” (Merriam-Webster 
2017). That center includes both the areas of origin and destination for each of the means of 
transport and the thoroughfares by which freight moves between origin and destination. An area 
of origin for freight is determined by the means of movement and encompasses distribution 
centers, rail yards, marine ports and airports. The areas of destination also encompass these 
facilities and can be used interchangeably with origin. Thoroughfares are the means by which 
areas of origin are connected with the areas of destination and include roadways, railways, 
waterways and airways. 
Coulton (2012) explains that the term neighborhood has been the focus of recent research 




shifted from defining neighborhood only in a social sense and more toward the role it plays in 
research, policy and practice (Coulton 2012). This shift has shed light on a variety of 
methodological issues and include determining the characteristics of a neighborhood that are of 
value to a specific study, the applicable methods for collecting data and finding the preferred 
methods of identification and delineation of study neighborhoods as it pertains to optimizing 
quality and availability of data (Weiss et al. 2007). While there is no established way to define 
the term, the literature specifies a neighborhood as a bundle of spatially based attributes 
associated with clusters of residences, sometimes in conjunction with other land uses (Galster 
2001). Depending on the context, some authors place an emphasis on homogeneity within 
housing type and population as a condition of their definitions (Swaroop and Morenoff 2004). 
Incorporating each of the constituent parts into one cohesive definition of the term freight-centric 
neighborhood leads to our proposed definition of a freight-centric neighborhood: a geographic 
unit of limited size containing a cluster of residences concentrated about areas affected by 
externalities associated with the movement of goods.  
CURRENT RESEARCH RELATED TO NEIGHBORHOOD DELINEATION 
Neighborhood delineation for research is becoming increasingly important as policy 
makers look to reduce disparity through place-based initiatives and look for progressively better 
means of quantifying those disparities (Coulton 2012). One means of quantifying disparities is 
through the use of a geographic information system (GIS) that is designed to capture, store, 
manipulate, analyze, manage, and present spatial and geographical data. The advent and growing 
user base of GIS and its related mapping tools is allowing researchers to more easily shape 
boundaries which better define desired study populations. The type and scope of research 




neighborhoods include community mapping exercises, pedestrian street networks, administrative 
boundaries and the use of person-centric buffers (Coulton 2012). 
Community Mapping Exercises and Participatory GIS 
Forrester and Cinderby (2014) explain that community mapping and participatory GIS 
exercises allow members of neighborhoods to draw boundaries that they believe best define their 
neighborhood using either paper maps or GIS mapping software. Participants either physically 
draw the boundaries or interact with the software first hand. Depending on the extent of the 
spatial component needed for the research, drawn boundaries are either used as is or entered into 
the software by a GIS technician. The boundaries are then overlain to allow researchers to 
determine areas of the most commonality (Forrester and Cinderby 2014).  
Pedestrian Street Networks (T-Communities) 
Another approach is that of using tertiary streets and the built environment to determine 
neighborhood boundaries. (Grannis 1998) uses larger main streets along with discontinuities in 
the network of tertiary streets to delineate neighborhood units. The basis for this approach is that 
residents living inside of these neighborhood units have the potential for street-level interactions 
(Grannis 1998). 
Administrative Boundaries 
Some of the most frequently used neighborhood units for analysis are pre-defined 
geographic statistical units such as US census tracts (Downey 2006). The prevalence of their use 
is attributed to the large amount of demographic data within each unit. Within freight related 
research, studies attempting to delineate neighborhoods affected by freight commonly use this 
type of neighborhood unit (Department of Planning and Urban Studies, University of New 





The last neighborhood delineation method examined was that of the person-centric buffer 
approach. Coulton (2012) explains this approach relies on a GIS-based system to draw “buffers 
of varying sizes around individuals’ residential locations”. Lorenzo et al. (2006) adopts a freight-
centric buffer zone approach to analyze concentrations of particle emissions around a railway 
line. Multer et al. (1998) also adopts a freight-centric buffer zone approach to analyze noise 
annoyance around an at-grade railroad crossing.  
METHODOLOGY 
The first element necessary in the creation of a framework for defining freight-centric 
neighborhoods was to determine the appropriate neighborhood delineation method. As the 
presence of freight and the presence of externalities associated with that freight are essential to a 
freight-centric neighborhood (Doherty et al. 2013), the community mapping approach which 
delineates boundaries based on input from individuals and not freight, is unsuitable for the 
framework. Additionally, it has been shown that different types of freight and their externalities 
negatively impact surrounding residents at varying distances (Simons and Jaouhari 2004; 
Spencer-Hwang et al. 2015; Venn et al. 2001). Both the pedestrian street network approach and 
the administrative boundary approach do not take this into account as the boundaries developed 
using these methods are fixed by the built environment or the organization that developed them. 
Coulton (2012) reported fixed neighborhoods are susceptible to the criticism that households at 
their edge could be more influenced by an adjoining neighborhood, and Chaix et al. (2005) 
revealed stronger associations for health outcomes when spatially adaptive boundaries, buffer 
zones, were used when compared to census defined boundaries.  For these reasons, a freight-




Determining the level of categorization for the framework was the next needed element. 
Freight transportation can be broken down into several modes that include road transportation, 
rail transportation, maritime transportation, air transportation, and pipeline transportation. 
Pipeline transportation is outside of this paper’s scope, as there is a general lack of pipeline 
externality studies (Demir et al. 2015). The modes considered can further be broken down based 
on their origin-destination type and thoroughfare type as shown in Fig. 1. While each category 
listed could be broken down into numerous sub-categories, this is the level at which regional 
reports typically analyze freight impacts (AECOM Technical Services, Inc. 2013; Memphis 
Urban Area Metropolitan Planning Organization 2012; Wilbur Smith Associates 2008). 
 


























Following the categorization of freight sources, it was necessary to categorize freight 
transportation externalities. Demir et al. (2015) places negative externalities associated with 
freight at the local and regional levels into the categories of air pollution, water pollution, noise 
pollution, congestion, accidents and land use; noting that water pollution and land use mostly 
incur external costs to the environment and climate. As the goal of the framework is to aid in the 
delineation of freight-centric neighborhoods and analyze the experience of residents within these 
neighborhoods, water pollution and land use were not implemented into the framework. The 
influence zones adopted in this framework only considered findings of distance-based research; 
of the freight sources examined, the externality of the greatest extent dictates the boundary of 
influence. As roadway congestion and freight associated accident data are typically provided by 
regional planning organizations (Memphis Urban Area Metropolitan Planning Organization 
2012; Wilbur Smith Associates 2008) and reside wholly within the extent of roadways, freight 
related congestion and accidents were not implemented into the framework. Only externalities 
associated with air pollution and noise pollution were examined for the freight sources. 
Integration of network-level externalities into this framework is a subject for future research. 
Roadways 
Air Pollution 
The externalities generated by roadway air pollution on surrounding residents have been 
studied extensively (Demir et al. 2015). As it pertains to freight, Ciccone et al (1998) examined 
the effects of living adjacent to roadways and revealed increased incidents of respiratory issues 
including asthma, wheeze, cough and phlegm when truck volumes were at or above 174 heavy 
trucks per hour. Vliet et al. (1996) and Brunekreef et al. (1997) researched the effects of living 




respiratory symptoms associated with distances within 300 meters and truck volumes greater 
than 8,098 trucks per day. Lin et al. (2000) investigated whether pediatric hospitalization for 
asthma was related to living near a road with heavy traffic and found increased hospitalization 
within 200 meters of roadways with 297 heavy trucks per day. Janssen et al. (2003) examined 
whether going to school near roadways with heavy traffic was related to respiratory health and 
revealed increased respiratory symptoms in schools up to 400 meters away with heavy truck 
traffic at or above 5,190 heavy trucks per day. 
As to roadway traffic in general, Kim et al. (2004) and Oosterlee et al. (1996) 
investigated whether populations living along streets with high traffic densities saw a higher 
prevalence of chronic respiratory symptoms in children and adults and revealed an increase in 
respiratory symptoms in children. Wilkinson et al. (1999) examined the association between road 
traffic pollution and asthma for children living within 150 meters of a main road in England and 
revealed no association. However, Venn et al. (2001) performed a similar investigation on the 
association between road traffic pollution and asthma for children living within 150 meters of a 
main road in Nottingham and found increased rates for children living within 90 meters. Note 
that the general traffic studies mentioned witnessed truck traffic on the roadways but did not 
account for their volume.  
Noise Pollution 
Roadway noise pollution due to freight is another externality to be considered. Lercher et 
al. (2003) examined the association between roadway noise and negative mental health impacts, 
specifically classroom behavior in school children, and revealed small decrements that were 
more significant in low birth-weight children. Stansfeld et al. (2005) investigated the sustained 




term memory and prospective memory within school children of major European nations and 
found no association with roadway noise. Bluhm et al. (2007) examined the exposure to road 
traffic noise in an urban municipality and hypertension and found an association that is more 
significant among women and residents living in their homes for more than ten years. Sorensen 
et al. (2011) investigated the effects of road noise on nearby residents and found exposure to 
road traffic noise was associated with a higher risk for myocardial infarction. Unlike roadway air 
pollution, the research related to roadway noise pollution lack distance specific findings and do 
not separate noise associated with freight and general traffic.  
The California Air Resources Board (CARB), in providing recommendations for future 
land use, reviewed many of the previously stated studies and concluded that additional health 
risks outside of those caused by regional air pollution were most likely to be found within 300 
meters of high traffic roadways and freeways and were strongest within 100 meters (California 
Air Resources Board 2005). Table 1 shows the relevant sources that display an association 
between proximity to heavy truck traffic and negative health effects at specified distances. With 
published literature demonstrating correlation between proximity to heavy truck traffic and 
health effects, a 200 meter influence zone is suggested for roadways with more than 297 heavy 
trucks per day and a 400 meter influence zone is suggested for roadways with more than 5,190 
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No research was found directly linking air pollution related health effects to distribution 
centers. However, the International Agency for Research on Cancer (2012) classifies diesel 
particulate matter as a group 1 carcinogen, carcinogenic to humans, and the California Air 
Resources Board (2005) modeled a distribution center accommodating more than 100 trucks per 
day and estimated elevated cancer risks within 1600 feet of the facility.  
Noise Pollution 
MIG, Inc. (2009) states warehouses and distribution centers can create noise impacts on 
neighboring communities. However, no research was found directly linking noise related health 
and annoyance effects to distribution centers. Based on the CARB model for associated cancer 
risks, an influence zone of 1600 feet is suggested.  
Railways 
Air Pollution 
Knox (2004) examined the birth and death addresses of children born between 1955 and 
1980 who died from leukemia or other cancers during those years and found increased cancer 
risks for children living within 100 meters of heavily traveled roadways and railways. Dickinson 
et al. (2003) investigated whether living close to railway lines is a risk for childhood leukemia 
and non-Hodgkin’s lymphoma and found no association between leukemia risk and railway 
proximity and a very small association with railway density. 
Noise Pollution 
Multer and Rapoza (1998) evaluated the perceived annoyance of residents living near at-




crossing. Dratva et al. (2012) investigated the effects of railway and traffic noise exposure on 
blood pressure and found a significant relationship between railway noise and systolic and 
diastolic blood pressure in the cohort population. Eriksson et al. (2012) investigated the 
cardiovascular effects of living near noisy roads and railways and determined neither traffic load 
nor road traffic noise was associated with self-reported cardiovascular outcomes. These noise 
pollution studies explore the association between railway noises at the decibel level. Multer and 
Rapoza (1998) is the only study to link annoyance to a specific distance band from the source.  
Lulham (2012) explains noise from rail operations is a key to livability of residential 
developments located in proximity to railway facilities. Three reports, the Lulham (2012) report 
along with the Snow et al. (2013) report and the Envision Freight (2011) report, all site varying 
setback distances for new developments around railways, but all agree that the minimum 
influence area for noise when planning future developments is 300 meters from the main line. 
Snow et al. (2013) states that potential residents purchasing dwelling units within 300 meters 
from railways in their jurisdiction are to sign warning clauses that show they understand the 
potential for noise and vibration impacts associated with living at such distances. 
One noise and vibration associated influence factor is that of property value. Simons and 
Jaouhari (2004) investigated how much markets discounted houses near freight railroad tracks 
and found houses drop in value up to 750 feet away. Futch (2011) analyzed the impact of railway 
infrastructure expansion on local home values based on distance and found an association with 
railway activity and property value up to 1760 feet away. The study stated, “the response of 
property values is linear in the degree of damage in both positive and negative directions for an 
identical size change” (Futch 2011). Both studies showed a gradient effect on housing prices 




displays the associations between proximity to railways and negative effects. Based on the 
present research, an influence zone of 1760 feet for railway lines and 3200 feet for railway at-
grade crossings is suggested.  




Spencer-Hwang et al. (2015) assessed association of proximity to a major freight rail yard 
on adverse respiratory health in schoolchildren and found children attending school 500 meters 
from the rail yard were significantly more likely to display respiratory health challenges. While 
no other studies investigated distance specific health effects of rail yards, Hand et al. (2004) 
conducted a health risk assessment of airborne particulate matter emissions from diesel-fueled 
locomotives at the Union Pacific J.R. Davis Yard located in Roseville, California. Based on this 
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study, the California Air Resources Board (2005) recommends siting limitations and mitigation 
approaches within one mile of rail yards.  
Noise Pollution 
The Envision Freight (2011) report mentioned previously for railways sites noise 
assessments and ground-borne vibration assessments should be done on all potential residential 
sites located up to 1000 meters from a rail yard (Envision Freight 2011). While there were no 
studies found looking directly at rail yard impacts on property value, it is inferred that the 
property value impacts associated with railways are also associated with rail yards. Simons and 
Jaouhari (2004) and Futch (2011) model property devaluation based on the number of trains 
passing by given study areas. As rail yards also see trains passing through them, it is inferred that 
rail yards also negatively influence the property value of nearby residents up to 1760 feet away. 
Table 3 shows the relevant sources that show associations between proximity to rail yards and 
negative effects. Based on the present research, an influence zone of 1 mile (5260 feet) for rail 
yards is suggested.  
TABLE 3. Rail Yard Threshold Rationale Sources and Measurements 
 
Distance from source Facility Type Influence of Concern Source 
500 meters / 1640 feet Rail Yard Respiratory (Spencer-Hwang et al. 2015) 
229 meters / 750 feet Rail Lines Property Value (Simons and Jaouhari 2004) 
536 meters / 1760 feet Rail Lines Property Value (Futch, 2011) 
300 meters / 984 feet Main Lines Noise Annoyance (Envision Freight 2011) 
1609 meters / 5280 feet Rail Yards Cancer 







Viana et al. (2014) states that ship emissions have the potential to contribute to air quality 
degradation in coastal areas. However, the ability to quantify that degradation from a distance 
specific standpoint is lacking. This is highlighted by Miola and Ciuffo (2011) who analyzed 
current ship air emission modeling approaches and found a high level of uncertainty, typically 
due to poor source data. Thus, estimation of emissions from ships requires further research. 
Noise Pollution 
Badino et al. (2012) explains that airborne noise pollution outside of ships has been 
addressed only recently and reviewed the problem of health and comfort for crew and passengers 
on board ships as well as air-borne noise emissions outside the ship. Furthermore, no specific 
indicator for ship noise pollution exists and the current indictors used for road, rail, and air traffic 
do not transfer well as an indicator for ships. Due to a lack of information regarding distance 
specific findings for air pollution and noise pollution originating in waterways, this source was 
not implemented into the framework. 
Ports 
Air Pollution 
Trade, Health, and Environment Impact Project (2012) notes the positive economic 
benefits of ports but also the impacts to health, environment and quality of life on communities 
located close to port facilities. Sharma (2006) provides a summary on port issues and states 
respiratory and cancer related illnesses are associated with ports but provides no distance specific 




ports with rail terminals to the air pollution produced by rail yards and recommends the 
avoidance of siting new sensitive land uses near ports.  
Noise Pollution 
The Badino et al. (2012) study along with the work of Schenone et al. (2014) and Badino 
et al. (2011) state that port and ship noise annoyance affect nearby residents but noise pollution 
analysis is complicated. Also, no research was found directly linking noise related health and 
annoyance effects to ports from a distance perspective. Due to a lack of air pollution and noise 
pollution studies directly linking health and annoyance effects, assumptions were made to 
determine the suggested influence zone for ports. First, as ports with rail terminals showed 
comparable levels of air pollution to rail yards, the California Air Resources Board (2005) 
recommendation of a one mile buffer for rail yards is applied to ports with rail terminals. Second, 
the assumption is made that ports with only truck based terminals produce emission levels 
similar to distribution centers and the 1600 foot distribution center recommendation based on 
elevated cancer risks associated with that proximity is applied to ports with only truck based 
terminals. Table 4 shows the sources used to determine the influence zones for ports with truck 











TABLE 4. Port Threshold Rationale Sources and Measurements 
 
Airways and Airports 
While airways and airports are two separate and distinct entities, the studies pertaining to 
them typically use the term airport when discussing activity both on the airport runway and in the 
airways surrounding the airport of interest. Because of this, air and noise pollution related to the 
activity associated with planes in and around airports was used to determine the buffer zone size 







500 meters / 
1640 feet 
Rail Yard (Port with Rail 
Terminal) 
Respiratory 
(Spencer-Hwang et al. 
2015) 
1000 meters / 
3281 feet 





(Envision Freight 2011) 
229 meters / 
750 feet 
Rail Lines (Port with Rail 
Terminal) 
Property Value 
(Simons and Jaouhari 
2004) 
536 meters / 
1760 feet 
Rail Lines (Port with Rail 
Terminal) 
Property Value (Futch 2011) 
1609 meters / 
5280 feet 
Rail Yards (Port with Rail 
Terminal) 
Cancer 
(California Air Resources 
Board 2005) 
488 meters / 
1600 feet 
Distribution Center (Port with 
Truck Terminal) 
Cancer 





heavy trucks in and around airports was used to determine the buffer zone size for the airports 
category.  
Air Pollution 
Passchier et al. (2000) explains that pollution associated with airports is an intricate mix 
of contributions from aircrafts, airport operations and associated road traffic and that air pollutant 
levels around large airports are largely determined by road traffic emissions. Touri et al. (2013) 
notes that jet exhaust may have a health impact respiratory tracts but current studies are neither 
numerous enough nor strong enough to prove association. While diesel exhaust particles, 
‘DEPs’, have been shown to be carcinogenic, jet engine exhaust has yet to be classified as a 
carcinogen. Due to the complexity of airport pollution, assumptions were made for the 
framework. Airports with rail terminals were assumed to have levels of air pollution similar to 
rail yards so a one mile buffer is applied to airports with rail terminals. Second, the assumption is 
made that airports which only see truck based freight produce emission levels similar to 
distribution centers and the 1600 foot distribution center recommendation based on elevated 
cancer risks associated with that proximity is applied to airports with only truck based terminals. 
Noise Pollution 
Jarup et al. (2008) explored the connection between exposure to noise near airports and 
hypertension and found excess risks for long-term night-time noise exposure. Cohen and 
Coughlin (2008) investigated the relationship between housing prices and noise levels around 
airports and found houses located in an area in which noise disrupts normal activities sell for 
20.8 percent less than houses located where noise does not disrupt normal activities. Noise that 




The Federal Aviation Administration established the PART 150 Noise Compatibility Plan 
(Federal Aviation Administration 2015). Under Title 14 of the Code of Federal Regulations, it 
specifies the development and implementation of Noise Exposure Maps (NEM). Airway noise is 
mapped around a given airport using contours equal to 65, 70, and 75 decibels. The Memphis 
International Airport has a 65-decibel noise level contour which extends two miles from its 
property border (URS 2015). While the distance that contours extend may differ from airport to 
airport due to local flight patterns, a two-mile buffer zone for airways was assumed for the 
framework.  
Influence Summary 
Each freight source was examined to determine an appropriate distance-based buffer 
established through current research. Table 5 summarizes the freight source buffer distances used 















TABLE 5. Freight Sources and Buffer Distances Summary 
 
DELINEATING FREIGHT-CENTRIC NEIGHBORHOOD FRAMEWORK 
A framework is simply a guide created to aid in construction. This framework aids in the 
delineation of freight-centric neighborhood boundaries and the determination of areas with heavy 
Freight Source 




(297 heavy trucks per day) 
200 meters / 656 feet (Lin et al. 2000) 
Roadway  
(5,190 heavy trucks per day) 
400 meters / 1312 feet (Janssen et al. 2003) 
Distribution Center 488 meters / 1600 feet (California Air Resources Board 2005) 
Railway 536 meters / 1760 feet (Futch 2011) 
Railway  
(at-grade crossing) 
975 meters / 3200 feet (Multer & Rapoza 1998) 
Port 
(rail terminal) 
1609 meters / 5280 feet (California Air Resources Board 2005) 
Port 
(truck terminal) 
488 meters / 1600 feet (California Air Resources Board 2005) 
Airport 
(rail terminal) 
1609 meters / 5280 feet (California Air Resources Board 2005) 
Airport 
(truck terminal) 
488 meters / 1600 feet (California Air Resources Board 2005) 




freight influence to provide planners, researchers and policy makers with a better understanding 
of freight-community interactions at the regional level.  
Framework Rationale 
Three localized studies mentioned previously, the Lindberg et al (2013) study along with 
the Department of Planning and Urban Studies, University of New Orleans (2014) and the Public 
Health Advisory Panel on Coal in Oakland (2016) use different methods to delineate boundaries 
around their freight source of interest with the first two studies failing to incorporate areas 
potentially impacted by the freight source’s proximal effects. Fig. 2 highlights the difference 
between the delineation methods (census tract, neighborhood, 1-mile buffer) using a single 
freight source of interest, a rail yard, in the Shelby County study area.  
    
Fig. 2. Freight-Centric Neighborhood Delineation Method Comparison 
Fig. 2 shows both non-buffer methods incorporating areas outside of the railyard’s 
influence zone and failing to incorporate areas inside the railyard’s influence zone. As funding 
for neighborhood and regional level projects can be based upon the number of affected 
households or residents, the use of a research-based, buffer centric approach can provide a more 
accurate representation of the affected populace, and give grant funding organizations the means 
Legend 
       Rail Yard 
         Census Tracts 
         1 Mile Buffer 
Legend 
       Rail Yard 
         Neighborhoods 




to target the funding to impact the greatest number of people in a community. With regional 
level studies and reports, there is a lack of proximity-based research. These studies and reports 
tend to focus heavily on roadway traffic related freight impacts such as congestion and freight 
crashes which only occur along roadways (Memphis Urban Area Metropolitan Planning 
Organization 2012; Wilbur Smith Associates 2008). Atlanta Regional Commission (2014) and 
Memphis Urban Area Metropolitan Planning Organization (2012) both provide region wide 
assessment of transportation related air quality impacts but do not provide proximity based 
information regarding freight specific sources.  
The proposed freight influence framework is comprised of components illustrated in Fig. 3. The 
goal is to delineate freight-centric neighborhoods on a regional scale by bridging the gap 
between localized proximity based studies and regional studies which overlook these 
externalities and to analyze each source with respect to the number of affected households. 
 
Fig. 3. Key Framework Components 
Freight Influence Map 
The proposed boundaries are created by defining and overlaying freight influence zones 
onto a map of the regional study area. Influence zones consist of the areas of extent that radiate 
out from freight sources meeting threshold requirements tied to measurable distance related 
externalities. Freight sources and their suggested influence zones, thresholds and accompanying 
rationales are discussed in previous sections of this document and are summarized previously in 
















Fig. 4. Freight Influence Map Guidelines 
CASE STUDY 
Shelby County, Tennessee was used as the regional study area for this case study. The 
ESRI ArcMap Version 10.1 software platform (ESRI 2016) was used to conduct all spatial 
overlays and analyses. The Memphis Urban Area Metropolitan Planning Organization (2012) 
report and the Memphis Metropolitan Planning Organization (2016) report were used to identify 
regional freight sources. Online resources were used to determine the exact location and the 







3. DETERMINE FREIGHT SOURCES MEETING  
MINIMUM THRESHOLD REQUIREMENTS 
1. GATHER USAGE (OR TYPE) AND LOCATION DATA  
OF REGIONAL FREIGHT SOURCES.  
2. USING GIS SOFTWARE, DELINEATE CENTERLINES AND/OR PROPERTY 
BOUNDARIES OF FREIGHT SOURCES. 
5. USING GIS SOFTWARE, BUFFER EACH FREIGHT SOURCE 
WITH ITS SUGGESTED INFLUENCE ZONE 
4. USING GIS SOFTWARE, KEEP ONLY FREIGHT SOURCES MEETING 




Guideline Steps 1 and 2 
Determine and gather usage, type, and location data of regional freight sources. Using 
GIS software, delineate centerlines and/or property boundaries of freight sources. 
Roadways 
The location and usage of heavy truck traffic along roadways within Shelby County was 
determined using the Freight Analysis Framework Version 4 (Center for Transportation Analysis 
2016). Usage data was presented in the form of average annual daily truck traffic (AADTT) for 
the year of 2012 and was imported into ESRI ArcMap. 
Distribution Centers 
The location and size of distribution centers was determined by cross referencing the 
Memphis Metropolitan Planning Organization (2016) and the Memphis Urban Area 
Metropolitan Planning Organization (2012) reports, zoning data, the ESRI world topographic 
map and Google Maps satellite imagery. Satellite imagery was also used to assess if the located 
distribution centers in the regional study area were active. Distribution centers deemed active had 
their building boundary sketched in ESRI ArcMap to determine square footage. Institute of 
Transportation Engineers (2012) provides an assumption of 0.64 heavy truck trips per 1000 
square feet for distribution centers that was used to determine if the selected distribution center 
was large enough to meet the usage threshold determined in the previous section. 
Railways 
The location and classification type (main line, yard line and branch line) of railway 
tracks was determined using the Federal Railroad Administration (FRA) GIS Web Application 
(Federal Railroad Administration 2016). Usage data were unavailable and so railway 





The location of rail yards was determined by cross referencing the Memphis Metropolitan 
Planning Organization (2016) and the Memphis Urban Area Metropolitan Planning Organization 
(2012) reports, zoning data, the ESRI world topographic map and Google Maps satellite 
imagery. Usage data were unavailable for the Shelby County regional area. The boundaries of 
each rail yard were delineated in ESRI ArcMap. 
Ports  
The location and type (truck terminal versus rail terminal) of ports was determined by 
cross referencing the the Memphis Metropolitan Planning Organization (2016) and the Memphis 
Urban Area Metropolitan Planning Organization (2012) reports, zoning data, the ESRI world 
topographic map and Google Maps satellite imagery. Usage data were unavailable for the Shelby 
County regional area. The boundaries of each port were delineated in ESRI ArcMap. 
Airways and Airports 
The location and type (cargo versus non-cargo) of airports was determined by cross 
referencing the Memphis Metropolitan Planning Organization (2016) and the Memphis Urban 
Area Metropolitan Planning Organization (2012) reports, zoning data, the ESRI world 
topographic map, Google Maps satellite imagery and the URS (2015) report. The boundaries of 
each cargo airport were delineated in ESRI ArcMap. 
Guideline Steps 3 and 4  
Determine freight sources meeting minimum threshold requirements. Using GIS 
software, retain the freight sources meeting minimum threshold requirements. Using the 




were determined. Freight sources below the threshold were removed. This process is seen in Fig. 
5, were only roadways designated by the gold lines were retained for the analysis.  
 
Fig. 5. Truck Traffic Over Threshold 
Guideline Step 5  
Using GIS software, buffer each freight source with its suggested influence zone. After 
freight source boundaries were defined, the proposed influences zones were buffered to create 




          
Fig. 6. Step 5 within ESRI ArcMAP 
FREIGHT INFLUENCE COUNT ANALYSIS 
With the influence map complete, the next component in the framework consists of 
creating the freight influence count map. ArcGIS relies on either point or line data to create a 
standard density map but influence zones are in the form of polygons. To show freight source 
influence density, a map that counts overlapping polygons was created. A single layer consisting 
of no overlapping polygons for each freight source (roadways, distribution centers, railways, rail 
yards, ports, airways and airports) was created. These layers were then merged to create one 
layer with overlapping polygons. The ArcGIS tool count overlapping polygons was used to 
generate a map layer which gives a numerical value between 1 and 7 based on the total number 
of different overlapping influence factors. Areas with higher numerical values were considered 
more heavily influenced. Each influencing factor was given equal weight. Fig. 7 shows the 
freight influence density map for the Shelby County regional area. The highest score in the 














Fig. 7. Freight Source Influence Count 
Household Map 
The next component within the framework was the creation of the household map. True 
population counts provided by the United States Census Bureau are relegated to census blocks at 
the smallest level. While the geographical unit of the census block provide adequate detail within 
densely populated urban cores, that detail begins to dissipate when the urbanized core transitions 
to a less densely populated suburban or rural area within the region. Household locations 
obtained from the Tennessee Information for Public Safety (TIPS) dataset are shown in Fig. 8 
were used as a proxy for population location (Tennessee Department of Commerce and 





Fig. 8. Example Household Map (TIPS dataset) 
Freight Source Influence on Households Analysis 
The spatial join function within ESRI ArcMap was used to determine the freight sources 
that influenced the greatest number of households within Shelby County. The results are 
indicated in Fig. 9. Based on extent of influence alone, railways impact the greatest number of 





Fig. 9. Household Influence by Freight Sources 
The next metric is the total area of influence in square miles. Fig. 10 reveals that 
roadways have the largest area of influence within Shelby County, closely followed by railways. 
 
Fig. 10. Total Area Influence by Freight Sources 
As a means of comparison, the administrative boundary delineation method, in the form 




















































area of influence by freight source. Fig. 11 shows the comparison of household influence 
between the freight-centric buffer approach, census block approach and census tract approach. 
The census block and tract approach for airways relied on the property boundary of the airport. 
 
Fig. 11. Comparison of Influenced Households 
Based on this comparison at the regional level, a large overestimation can be seen when 
using census tracts to estimate the number of influenced households, except for the case of rail 
yards and airways. They had the largest buffer zones. The census block approach is shown to 
underestimate the number of influenced households when compared to the freight-centric buffer 
approach. 
Fig. 12 shows the comparison of area of influence between the freight-centric buffer approach, 































Fig. 12. Comparison of Areas of Influence 
The comparison shows a large overestimation when using census tracts to estimate the 
total area of influence in all cases except for airways and airports and so the census block 
approach can be seen to both overestimate or underestimate area in comparison to the freight-
centric buffer approach.  
LIVABILITY SURVEY RESULTS AND DISCUSSION 
As a final investigation, the freight-centric neighborhood boundaries obtained using the 
framework were used to analyze survey data obtained from the Rápalo et al. (2016) study. The 
data was used to determine if there was any apparent impact of freight on perceptions of 
livability. The Rápalo et al. (2016) study obtained a total of 496 survey responses from 
respondents located within the tri-state area surrounding Memphis, Tennessee. Because 266 of 
the 496 respondents were located outside of the case study area of Shelby County, 230 of the 496 






























determine residental opinions regarding freight traffic. One question: “How do you rate your 
neighborhood for livability? 10 being very livable,” was used to analyze the perceptions of 
livability for respondents living within freight-centric neighborhoods.  
Descriptive statistics associated with perceived livability ranking across four levels of freight 
influence using the freight-centric boundaries developed from the framework are reported in 
Table 6. Survey respondents only resided in areas containing zero, one, two, or three freight 
influences and did not reside in areas containing four or five freight influences. Residing in a 
freight-centric neighborhood with only one freight influence was associated with the numerically 
highest mean level of perceived livability (M = 7.79) and the freight-centric area with three 
freight influencers was associated with the numerically lowest mean (M = 5.95). To test the null 
hypothesis that residing in an area with a different number of freight influencers (zero, one, two, 
three) had no effect on perceived livability, a one-way analysis of variance (ANOVA) was 
conducted. The results are shown in Fig. 13. The ANOVA test yielded a statistically significant 
result, F (3, 226) = 7.20, p = 0.0001 and a Bonferroni corrected post-test t-test indicated that 
living in the presence of either zero or one freight influence was significantly different from 
living in the presence of three freight influencers, t (67) = 3.80, p = 0.003, t (101) = 4.51, p = 
0.00002, respectively. 
TABLE 6. Descriptive Statistics for Perceived Livability of Respondents 
Number of Freight Influences Count Mean Standard Deviation 
Zero 67 7.73 1.97 
One 101 7.79 1.73 
Two 41 7.01 1.97 






Fig. 13. Perceived Livability of Respondents Based on Number of Freight Influences 
The null hypothesis was rejected and it was shown that residents living within the 
influence of three freight sources showed a significant decline in perceived livability when 
compared to residents living within the influence of zero or one source. Prior research has 
focused on observing differences between residents living within freight-centric neighborhoods 
versus residents living within non-freight-centric neighborhoods, using administrative 
boundaries to construct the distinction between these groups. This research refines that scope to 
analyze differences between residents based upon freight influence zones and further examines 
differences in perceptions of residents impacted by varying numbers of freight sources.  
This framework is limited by several factors, most notably in areas where the extent or 
distance of known externalities is lacking. This was most notable for ports and waterways. The 
framework could improve with the addition of a method to weight each externality for its overall 
impact on the perceived livability of the study population. This could be achieved by 































Additionally, a mechanism for integrating measures of congestion and other types of 
externalities may also lead to even greater value for assessing impact of freight on communities. 
CONCLUSIONS 
One objective of this research was to determine a cohesive definition of the term freight-
centric neighborhood. Based on an extensive literature review, the definition of a geographic 
unit of limited size containing a cluster of residences concentrated about areas affected by 
externalities associated with the movement of goods was proposed for the term freight-centric 
neighborhood. Using data found in the current literature, areas of influence and minimum 
thresholds were determined for seven different types of freight sources to create a freight-centric 
neighborhood delineation and analysis framework. The framework developed was applied in 
constructing a more complete delineation of neighborhood boundaries for Shelby County, 
Tennessee, while identifying populations within the region highly impacted by freight. This 
research adds to the body of literature regarding freight and perceived livability.  
Besides the goals of determining a cohesive definition and determining a more 
representative method for delineating freight-centric neighborhoods, another goal of this research 
was to determine the effect living near multiple freight sources has on perceived livability. Based 
on the outcomes of this research, it appears that there is no significant difference between living 
near zero, one or two freight sources but residents living within the influence of three freight 
sources showed a significant decline in perceived livability when compared to residents living 
within the influence of zero or one source. While this has only been examined for a case study in 
Shelby County, this technique for delineation and analysis could be used in other metropolitan 
areas to determine if residing within the boundaries of multiple freight influence sources has the 




areas with multiple freight influencers after applying this framework to other communities and 
larger samples within Shelby County, a threshold of three freight influencers could be applied to 
the definition of the term freight-centric neighborhood. It could also allow planners and policy 
makers to create guidelines for siting multiple freight sources within the same area to limit 
disparities in livability, or to prioritize investments for improving community livability.  As both 
overestimation and underestimation of impact are seen when using administrative boundaries to 
delineate freight-centric neighborhoods, the freight-centric buffer approach can lead to a better 
alignment of funds for varying regional level projects dealing with freight-neighborhood 
interactions. 
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